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Laser Limb Sounding Approach for Planetary Atmospheres using Cubesats or SmallSats
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Introduction: We describe an approach for an ef-
ficient and sensitive way to map trace gas abundances
in planetary atmospheres. The approach uses a pair of
small satellites flying in formation, in a circular polar
orbit. Each satellite carries several tunable single fre-
quency diode lasers and a sensitive optical detector.
The laser beam from each satellite is pointed through
the limb of the planetary atmosphere to illuminate the
other satellite. Tuning the diode laser’s wavelengths
through trace gas absorption lines allows the gas abun-
dance in the path to be measured at the other satellite’s
receiver.

Application for Mars Atmosphere: NASA’s 2013
Planetary Science Decadal Survey identified mapping
gas abundance in planetary atmospheres as an im-
portant goal. This new laser limb sounding approach
allows the concentration of many key trace gases (such
as CHs, H>O, HDO and CO») to be measured simulta-
neously and continuously with very high sensitivity.

Recent observations of Mars [1-3] suggest that CHy4
varies in longitude, latitude, and season, but the details
are sparsely measured and are poorly understood. The
proposed concept will enable mapping the global at-
mospheric CHy4 concentrations. The technique also
allows probing water isotopic ratios (e.g., D/H), a
proxy to sub-surface release and water loss. Earth-
based observations show strong variations in the D/H
ratio in column water vapor, and aspects of their sea-
sonal changes [4]. Measurements from orbit are ex-
pected to provide new insights into the processes that
control their distribution and ratio. The targeted gases
also vary with altitude and one may vary the limb tan-
gent altitude by changing the spacecraft spacing.

Benefits of Approach: There are several important
benefits to this novel approach. Unlike solar occulta-
tion, which can measure only during sunrise or sunset
events, this approach allows continuous measurements,
permitting full planetary mapping from polar orbit,
even in darkness. The measurement sensitivity is high
because the optical path length through the atmosphere
is long (1000’s of km). The geometry allows the meas-
urement to be made with modest (10-20 mW) laser
power using compact diode lasers and sensitive infra-
red detector [5].

Measurement Scenario: A mission can be accom-
plished with two smallsats, or 6U cubesats. After de-
ployment the distance between them is adjusted so that
they co-orbit with the primary spacecraft and the opti-
cal path between the two cubesats passes through the

limb of the atmosphere. Each satellite is 3-axis stabi-
lized and carries a payload consisting of a few small
tunable single frequency diode lasers, a receiver lens
and an optical detector.

The satellites use body-pointing of their payloads.
Once two-way pointing is achieved, repetitively sweep-
ing the diode laser’s wavelength through its gas absorp-
tion line allows the gas absorption line shapes to be
measured at the other satellite’s receiver. From the line
shape the path-integrated gas abundance can be calcu-
lated. The limb-tangent altitude can be varied by
changing the distance between the satellites. From a
circular polar orbit the measurements allow a global
map of the trace gases to be made as the planet rotates.
Several gases can be measured simultaneously by using
different diode lasers, each emitting at a specific wave-
length for each gas.
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Figure 1. [llustration of the planetary laser limb sound-
ing measurement geometry allowing measurements
between two cubesats

Application for Earth’s Atmosphere: There are simi-
lar benefits from measuring H,O and HDO globally in
the Earth’s stratosphere (with the tangent path above
the cloud tops) with this approach. Water vapor plays a
critical role in the climate system through the direct
absorption of infrared radiation and through the for-
mation of cloud and aerosol particles. Reliable long-
term climate forecasts require accurate descriptions of
the mechanisms that transport water vapor across the
tropopause and how this mechanism changes with a
changing climate. The isotopic abundance of water
vapor is strongly influenced by transport processes,
showing large variations depending on the role of deep
convection compared to large-scale adiabatic ascent.
Measurements of the isotopic abundance of water va-
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por (the ratio HDO/H»O) can be used to quantify the
role of convection and constrain the transport processes
in global climate models [6].
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Figure 2. Transmission spectrum through the Earth’s
(top) and Mars (bottom) atmosphere at 20 km tangent
height for candidate gases (CO, and CH4 for Earth and
CH4 and H,O for Mars).

References:
[1] Mumma, M. J., Villanueva, G. L., Novak, R. E.,
Hewagama, T., Bonev, B. P., DiSanti, M. A., & Smith,
M. D. (2009) Science, 323(5917), 1041-1045.
[2] Webster, C. R., Mahaffy, P. R., Atreya, S. K.,
Flesch, G. J., Mischna, M. A., Meslin, P. Y., & Martin-
Torres, J. (2015). Science, 347(6220), 415-417
[3] Lefevre, F., & Forget, F. (2009). Nature,
460(7256), 720-723.
[4] Villanueva, G. L., Mumma, M. J., Bonev, B. P.,
Novak, R. E., Barber, R. J., & DiSanti, M. A. (2012).
Journal of Quantitative Spectroscopy and Radiative
Transfer, 113(3), 202-220.
[5] Beck, J., Welch, T., Mitra, P., Reiff, K., Sun, X., &
Abshire, J. (2014). Journal of Electronic Materials,
43(8), 2970-2977.
[6] Worden, J., Kulawik, S., Frankenberg, C., Payne,
V., Bowman, K., Cady-Peirara, K., ... & Noone, D.
(2012). Atmospheric Measurement Techniques, 5(2),
397-411.




<<

  /ASCII85EncodePages false

  /AllowTransparency false

  /AutoPositionEPSFiles true

  /AutoRotatePages /None

  /Binding /Left

  /CalGrayProfile (Dot Gain 20%)

  /CalRGBProfile (sRGB IEC61966-2.1)

  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)

  /sRGBProfile (sRGB IEC61966-2.1)

  /CannotEmbedFontPolicy /Error

  /CompatibilityLevel 1.4

  /CompressObjects /Tags

  /CompressPages true

  /ConvertImagesToIndexed true

  /PassThroughJPEGImages true

  /CreateJobTicket false

  /DefaultRenderingIntent /Default

  /DetectBlends true

  /DetectCurves 0.0000

  /ColorConversionStrategy /LeaveColorUnchanged

  /DoThumbnails false

  /EmbedAllFonts true

  /EmbedOpenType false

  /ParseICCProfilesInComments true

  /EmbedJobOptions true

  /DSCReportingLevel 0

  /EmitDSCWarnings false

  /EndPage -1

  /ImageMemory 1048576

  /LockDistillerParams false

  /MaxSubsetPct 100

  /Optimize true

  /OPM 1

  /ParseDSCComments true

  /ParseDSCCommentsForDocInfo true

  /PreserveCopyPage true

  /PreserveDICMYKValues true

  /PreserveEPSInfo true

  /PreserveFlatness true

  /PreserveHalftoneInfo false

  /PreserveOPIComments true

  /PreserveOverprintSettings true

  /StartPage 1

  /SubsetFonts true

  /TransferFunctionInfo /Apply

  /UCRandBGInfo /Preserve

  /UsePrologue false

  /ColorSettingsFile ()

  /AlwaysEmbed [ true

  ]

  /NeverEmbed [ true

  ]

  /AntiAliasColorImages false

  /CropColorImages true

  /ColorImageMinResolution 300

  /ColorImageMinResolutionPolicy /OK

  /DownsampleColorImages false

  /ColorImageDownsampleType /Bicubic

  /ColorImageResolution 1200

  /ColorImageDepth -1

  /ColorImageMinDownsampleDepth 1

  /ColorImageDownsampleThreshold 1.50000

  /EncodeColorImages false

  /ColorImageFilter /DCTEncode

  /AutoFilterColorImages true

  /ColorImageAutoFilterStrategy /JPEG

  /ColorACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /ColorImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000ColorACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000ColorImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasGrayImages false

  /CropGrayImages true

  /GrayImageMinResolution 300

  /GrayImageMinResolutionPolicy /OK

  /DownsampleGrayImages false

  /GrayImageDownsampleType /Bicubic

  /GrayImageResolution 1200

  /GrayImageDepth -1

  /GrayImageMinDownsampleDepth 2

  /GrayImageDownsampleThreshold 1.50000

  /EncodeGrayImages false

  /GrayImageFilter /DCTEncode

  /AutoFilterGrayImages true

  /GrayImageAutoFilterStrategy /JPEG

  /GrayACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /GrayImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000GrayACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000GrayImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasMonoImages false

  /CropMonoImages true

  /MonoImageMinResolution 1200

  /MonoImageMinResolutionPolicy /OK

  /DownsampleMonoImages false

  /MonoImageDownsampleType /Bicubic

  /MonoImageResolution 1200

  /MonoImageDepth -1

  /MonoImageDownsampleThreshold 1.50000

  /EncodeMonoImages false

  /MonoImageFilter /CCITTFaxEncode

  /MonoImageDict <<

    /K -1

  >>

  /AllowPSXObjects false

  /CheckCompliance [

    /None

  ]

  /PDFX1aCheck false

  /PDFX3Check false

  /PDFXCompliantPDFOnly false

  /PDFXNoTrimBoxError true

  /PDFXTrimBoxToMediaBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXSetBleedBoxToMediaBox true

  /PDFXBleedBoxToTrimBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXOutputIntentProfile (None)

  /PDFXOutputConditionIdentifier ()

  /PDFXOutputCondition ()

  /PDFXRegistryName ()

  /PDFXTrapped /False



  /CreateJDFFile false

  /Description <<



    /BGR <>

    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>

    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>

    /CZE <>

    /DAN <>

    /DEU <>

    /ESP <>

    /ETI <>

    /FRA <>

    /GRE <>



    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)

    /HUN <>

    /ITA <>

    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>

    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>

    /LTH <>

    /LVI <>

    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)

    /NOR <>

    /POL <>

    /PTB <>

    /RUM <>

    /RUS <>

    /SKY <>

    /SLV <>

    /SUO <>

    /SVE <>

    /TUR <>

    /UKR <>

    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)

  >>

  /Namespace [

    (Adobe)

    (Common)

    (1.0)

  ]

  /OtherNamespaces [

    <<

      /AsReaderSpreads false

      /CropImagesToFrames true

      /ErrorControl /WarnAndContinue

      /FlattenerIgnoreSpreadOverrides false

      /IncludeGuidesGrids false

      /IncludeNonPrinting false

      /IncludeSlug false

      /Namespace [

        (Adobe)

        (InDesign)

        (4.0)

      ]

      /OmitPlacedBitmaps false

      /OmitPlacedEPS false

      /OmitPlacedPDF false

      /SimulateOverprint /Legacy

    >>

    <<

      /AddBleedMarks false

      /AddColorBars false

      /AddCropMarks false

      /AddPageInfo false

      /AddRegMarks false

      /ConvertColors /ConvertToCMYK

      /DestinationProfileName ()

      /DestinationProfileSelector /DocumentCMYK

      /Downsample16BitImages true

      /FlattenerPreset <<

        /PresetSelector /MediumResolution

      >>

      /FormElements false

      /GenerateStructure false

      /IncludeBookmarks false

      /IncludeHyperlinks false

      /IncludeInteractive false

      /IncludeLayers false

      /IncludeProfiles false

      /MultimediaHandling /UseObjectSettings

      /Namespace [

        (Adobe)

        (CreativeSuite)

        (2.0)

      ]

      /PDFXOutputIntentProfileSelector /DocumentCMYK

      /PreserveEditing true

      /UntaggedCMYKHandling /LeaveUntagged

      /UntaggedRGBHandling /UseDocumentProfile

      /UseDocumentBleed false

    >>

  ]

>> setdistillerparams

<<

  /HWResolution [2400 2400]

  /PageSize [612.000 792.000]

>> setpagedevice



